ABSTRACT -Hancornia speciosa Gomes is a fruit tree native from Brazil that belongs to Apocinaceae family, and is popularly known as Mangabeira. Its fruits are widely consumed raw or processed as fruit jam, juices and ice creams, which have made it a target of intense exploitation. The extractive activities and intense human activity on the environment of natural occurrence of H. speciosa has caused genetic erosion in the species and little is known about the ecology or genetic structure of natural populations. The objective of this research was the evaluation of the genetic diversity and genetic structure of H. speciosa var. speciosa. The genetic variability was assessed using 11 allozyme loci with a sample of 164 individuals distributed in six natural populations located in the States of Pernambuco and Alagoas, Northeastern Brazil. The results showed a high level of genetic diversity within the species (H e = 0.36) seeing that the most of the genetic variability of H. speciosa var. speciosa is within its natural populations with low difference among populations ( q p = 0.081). The inbreeding values within ( f = -0.555) and among populations ( F =-0.428) were low showing lacking of endogamy and a surplus of heterozygotes. The estimated gene flow ( N m ) was high, ranging from 2.20 to 13.18, indicating to be enough to prevent the effects of genetic drift and genetic differentiation among populations. The multivariate analyses indicated that there is a relationship between genetic and geographical distances, which was confirmed by a spatial pattern analysis using Mantel test (r = 0.3598; p = 0.0920) with 1000 random permutations. The high genetic diversity index in these populations indicates potential for in situ genetic conservation. Index terms: Conservation, gene flow, genetic resources, genetic variability, isozyme, mangabeira.
INTRODUCTION
The Mangabeira (Hancornia speciosa Gomes) is a native fruit tree of Brazil, from the Apocinaceae family, occurring spontaneously in the Midwest, Northeast and Southeast, and has a greater abundance in areas of coastal tablelands and coastal lowlands of the Northeast (LEDERMAN et al., 2000) . The fruits are fleshy berries very appreciated on juice and ice-cream (LEDERMAN et al., 2000; PEREIRA et al., 2006) . Six varieties have been described in the H. speciosa species: var. speciosa Gomes, var. maximiliani A. DC., var. cuyabensis Malme, var. lundii A. DC., var. gardneri (A.DC.) Muell. Arg., var. pubescens (Nees. Et. Martius) Muell. Arg. (MONACHINO, 1945) . Those varieties grow in the Restinga vegetation of Cerrado and Coastal Plain (VIEIRA NETO et al., 2009 ). According to Ganga et al. (2010) in Northeast occurs the H. speciosa var. speciosa.
Mangabeira is an evergreen tree of medium size that grow up on poor and gravely soil. There is a great vegetative development during the period of higher temperature and the ideal pluviometric index is from 750 to 1.600 mm per year. This specie is typically allogamous, there are hermaphrodite and self-incompatible flowers and flowering period occur from August to November, with a peak in October (PEREIRA et al., 2006) . Insects of the families Euglossinae, Hesperiidae, Urbaninae, Nymphalidae and Sphingidae were observed as pollinators of mangabeira in a study conducted in the State of Paraiba (Darrault; Schlindwein, 2005) .
Economically, the Mangabeira has been highlighted because their fruits contain excellent organoleptic characteristics and high nutritional value compared with most of other fruits. Therefore, it has been very much consumed, especially in the Northeast and Midwest regions in Brazil. Its fruits have widespread agribusiness value in those regions, especially for the manufacture of juice and ice cream, and can also be used to produce sweet, syrup, jellies, wine and vinegar (LEDERMAN et al., 2000; VIEIRA NETO, 2002) .
According to the Brazilian Institute of Geography and Data Statistics (IBGE, 2011) , the Northeast of Brazil is the largest producer of fruits of H. speciosa. In 2010, its production totaled 695 million tons in Northeast while the Southeast's production was 4 tons. Sergipe was the largest producer with 56% of total production in the region, followed by the states of Bahia and Paraíba.
However, the increase in land speculation and the establishment of monocultures such as coconut, sugar cane and pasture, for instance, on Northeast has caused reduction of native vegetation and caused genetic erosion in populations of H. speciosa, especially in the coastal tableland and coastal lowlands (SILVA JÚNIOR et al., 2006 , VIEIRA NETO et al., 2009 . The exploration performed through the extractivism has also contributed to the degradation of these environments (SILVA JÚNIOR et al., 2006) . The conservation of the species in their natural habitats requires knowledge of the genetic structure and variability within and among populations (BROWN; MORAN, 1981) . To access the genetic variability of natural populations of plants, genetic markers can be used to obtain primordial information in order to implement a successful conservation or a breeding program (KARP et al., 1997) . Studies based on the polymorphism of genetic markers allow investigations on genetic structure and genetic variability but also could be used to estimate gene flow between populations (SHAW; ALLARD, 1981; HAMRICK, 1982) . This methodology was used in studies of natural populations of several fruit species, such as Sirigueleira (Spondias lutea L.) by Gois et al. (2009) The information generated in studies of genetic structure and genetic diversity provide important parameters that facilitate the definition of conservation strategies, in order to ensure continuity of the evolutionary process of the species through times (RAO; HODGKIM, 2002) . The objective of this research was the study and the knowledge of the genetic diversity and structure of six natural populations of H. speciosa var. speciosa in the States of Pernambuco and Alagoas using isozyme markers in order to obtain information that could be used for preservation and in future plant breeding programs.
MATERIALS AND METHODS
Six natural populations of H. speciosa var. speciosa located in the coastal region of the States of Pernambuco and in the Northeastern of Alagoas, corresponding to coastal tablelands and coastal lowlands, were studied (Figure 1 ). The populations, named Gambá, Itamaracá, Nazaré, Sirinhaém, Tamandaré and Maragogi, were of different sizes: 107, 345, 34, 111, 35 and 225 hectares, respectively, estimated by Global Position System (GPS).
Twenty four to 30 adult trees were sampled in each population and the samples consisted of young leaves which were collected, placed in plastic bags, kept in ice cooler and carried to the Genetic Laboratory of the Biology Department of the Universidade Federal Rural de Pernambuco, where they were stored at -80 o C. Population samples were made in order to provide the representation of each population according to the plants density. Each tree was identified by a numbered aluminum plate and georeferenced using GPS (Table 1 ). The enzymes were extracted from every sample in 1 mL of extraction buffer n° 1 (ALFENAS, 1998), with modifications by Martins et al. (2009) . The isozymes were separated by horizontal electrophoresis on 13% starch gel (Penetrose 30). The gel/electrode buffer systems used were TCB (Tris Citrate Borate, pH 7.5), and LB (Lithium Borate, pH 8.5). A total of 16 enzyme systems were initially tested and, out of them, seven were selected for detailed examination because they presented loci and alleles with resolutions that facilitated interpretation: Acid phosphatase (ACP, 3.1.3.2), Alkaline phosphatase (AKP, 3.1.3.1), Esterase (EST, 3.1.1.1), Leucine aminopeptidase (LAP, 3.4.11.1), Malate dehydrogenase (MDH, 1.1.1.37), Superoxide dismutase (SOD, 1.15.1.1) and Glutamate oxaloacetate transaminase (GOT, 2.6.1.1). The interpretations of each enzymatic system were performed according to techniques described in detail in the literature (ALFENAS, 1998) .
Genetic diversity parameters such as observed heterozigosity (H o ), expected heterozygosity (H e ), which corresponds to gene diversity, the percentage of polymorphic loci (P), the average number of alleles per locus (A) and estimate of fixation index f = 1 -( H o / H e ) were obtained by the GDA program of Lewis and Zaykin (2000) . The same program was used to estimate the coancestry coefficient obtained from the decomposition of variance analyzes according to Cockerham (1969) and to verify if the estimates were different from zero using the bootstrap resampling for 10.000 replicates on each locus with interval sterling of 95% probability.
The effective size which measures the genetic representation of the individuals in the population compared to an ideal panmitic population was estimated by the equation proposed by Vencovsky (1992) for a single adult population, N e = n/1 + f , where, n is the number of plants sampled and f is the population inbreeding coefficient.
In order to measure the gene flow (N m ), the model proposed by Crow and Aoki (1984) was used indirectly according to the following equation:
2 ; and where N m = number of migrants per generation, n = the numbers of populations and F st genetic divergence among populations, which was calculated by the combinations of pairs of populations, also using the GDA program. The clustering of populations, constructed by the UPGMA method and Nei (1978) genetic distances, and the Mantel test were performed using the FTPGA computer program, version 1.3 (Tools for Population Genetic Analyses) (MILLER, 1997).
RESULTS AND DISCUSSION
The seven isoenzyme systems studied allowed the identification of 11 loci ( Table 2 ). The ACP1 presented only one allele, ACP2 and GOT revealed three alleles and the other systems revealed two alleles each, totaling 23.
There was wide variation in allele frequencies from fixed, as ACP1 in all populations, to absence of alleles, as LAP2 in all populations except Nazaré. Allele 3 for ACP2 was found only in Maragogi and Nazaré populations and with low frequencies (0.007 and 0.096, respectively), therefore, it was classified as a rare allele. Allele 2 for LAP2 was exclusive because it was only observed in the Nazaré population (Table 2) . No alleles were observed in Sirinhaém population for EST2 loci. Allele 3 was not observed for GOT in Tamandaré and Maragogi populations, whereas in other populations its frequency was very low, except in Nazaré population, and therefore, it may also be considered a rare allele (p < 0,05) (VIEGAS, et al. 2011) .
Normally changes in allele frequencies between populations is indicative of genetic drift or also be due to the exchange of alleles through migration processes. Analysis of allele frequencies are of great importance because it reflects the stochastic effects more suitable than most of the parameters studied in genetic population (BOTREL; CARVALHO, 2004) .
For the 11 loci studied, the percentage of polymorphic loci (P) ranged from 73% (Tamandaré) to 91% (Nazaré) ( Table 3) . Lower values were found by Botrel et al. (2006) studying Jacareúba (Calophyllum brasiliense) (37.5 and 50%) and higher or similar values were found in populations of other native species, with reproduction typically alogamous, such as in Siriguela (Spondias lutea L.) (GOIS et al., 2009 ) presenting 90% polymorphic loci, Cajá tree (Spondias monbim) and Faveiro (Dimorphandra mollis) (GONÇALVES et al., 2010) , for instance. The average number of allele per locus (A) among populations ranged ^^^^D IVERSITY AND GENETIC STRUCTURE IN NATURAL POPULATIONS OF Hancornia... from 1.82 to 2.09 (Table 3) . Hamrick and Godt (1990) gathered in a review, results of 653 studies with isozymes and estimated for plant species, on average, 50.5% of polymorphic loci and 1.96 alleles per locus. Therefore, considering the isozymes systems used, the populations of Mangabeira studied showed good levels of polymorphism, which makes it favorable for in situ genetic conservation with the purpose of the species preservation as much genetic variability as possible.
In this research all populations showed high average observed heterozygosity (H o ), ranging from 0.51 to 0.64 among populations and the expected heterozygosity (H e ), which corresponds to gene diversity, varied from 0.30 to 0.42, also considered high for natural populations (Table 3) . Although all populations showed high levels of diversity, a strong high human pressure was observed among them, seeing that it was more evident at Gambá and Sirinhahém populations. However, the lower diversity was observed at Tamandaré population (H e =0.30).
High heterozygosity has been observed in many natural populations of tropical fruits (MELO JÚNIOR et al., 2004 ) H e ranged from 0.450 and 0.530, (GOIS et al., 2009 ) H e = 0.514; ) H e ranged from 0.530 to 0.574 and (GONÇALVES et al., 2010) , H e = 0.463. According to Sebbenn et al. (2000) , high levels of heterozygosity are extremely important because it makes possible the occurrence of a large number of new genotypic combinations, increasing the evolutionary potential of species, and the ability to adapt to any environmental changes.
The fixation indices ( f ) were negative for all population, ranging from -0.69 in Tamandaré population to -0.44 in Gambá population (Table 3) . Considering average indices for allele fixation for each population ( f ) the values were also negative, ranging from -0.788 for LAP1 to -0.137 for LAP2 and not found for ACP1. Among populations the allele fixation ( F ) ranged from -0.724 to -0.020, LAP1 and LAP2, respectively (Table 4) . Negative values for fixation indexes indicate inbreeding absence in the population, confirming the high heterozygosity found and suggesting that these populations are panmictics.
The genetic divergence among populations for all isozyme loci and the average value ( q p 0.081) were considered low, but high if compared to other most tropical tree species, which are less than 0.05 or 5% (BOTREL et al., 2006; MELO JÚNIOR et al.; SILVA et al., 2009) . Therefore, the largest part of genetic variability found in this study is due to within populations variability 92% (1-0.081) according to Table 4 .
The effective population size (N e ) values, which correspond to the genetic representation of the samples, reaffirm the existence of low inbreeding in the populations studied, considering that the effective sizes calculated for each population was higher than the number of individuals sampled (Table 3 ) . That parameter is important in order to evaluate the impact of genetic drift on the structure of populations and essential for the in situ genetic conservation DERBYSHIRE, 2002) . The relationship between the size and effective population size ( N e /n allows to the calculation of minimum value for a viable population size, which corresponds to the number of individuals needed for the population to maintain their genetic integrity. According to Raposo et al. (2007) , this relationship is also fundamental to the establishment of conservation strategies.
The estimated gene flow (N m ) for each populations combination varied from 2.20 (Sirinhaém and Maragogi) to 13.18 (Gambá and Itamaracá) ( Table 5) The genetic identity (GI) shows that the six populations are very similar, ranging from 0.99% to 0.93%, and agrees with the low F ST values (Table  5) . For some population combinations, mainly with Maragogi population, the larger geographic distances did not correspond with the smaller gene flow (N m ) values, probably because the gene flow is a historic parameter and the separation of the populations could have occurred on different times, principally by human action. Another possibility is that Maragogi population is one of the most affected by human impact, as urbane improves, which have caused genetic drift.
The pattern of genetic divergence among the six populations of H. speciosa var. speciosa can be viewed on the genetic distance dendrogram obtained
by UPGMA method (Figure 2) . Although the low level of divergence among populations, it suggests the existence of three clusters forming a hierarchical pattern, with Gambá, Itamaracá and Nazaré, Sirinhaém and Tamandaré in a second cluster, and Maragogi in a separated from the others. Gambá and Itamaracá show higher geographical distances from the populations of the other two clusters, which may support their isolation by distance.
The Mantel test showed a positive correlation (r = 0.3598 and p = 0.0920) between genetic (F ST ) and geographic distances (Figure 3 ). The distribution pattern was similar to that formed by UPGMA clustering, with the formation of three groups. Despite the relatively low density of the correlation between two matrices, compared to other species such as Cagaiteira (Eugenia dysenterica) (TELLES et al., 2001 ) which showed r = 0.72 and Pau-papel (Tibouchina papyrus) (TELLES et al., 2010) with r = 0.71, the correlation between the six populations of H. speciosa var. speciosa has indicated that the genetic and geographic distances are related. FIGURE 3 -Non-biased genetic relationship of Nei (1978) and geographical distances among the six Hancornia speciosa var. speciosa Gomes populations studied. The Mantel correlation coefficient was r = 0.3598; p = 0.0920.
CONCLUSIONS
1-The populations of H. speciosa var. speciosa studied showed high levels of genetic diversity, most of which is found within populations.
2-The low fixation index observed in six populations, shows the absence of inbreeding, and represents a typical result of an allogamous species.
3-Although the low genetic divergence, there is a spatial pattern for these populations, suggesting a small degree of genetic drift.
4-Nazaré population, which showed higher levels of diversity, would be more suitable for in situ conservation.
